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Abstract 
This paper deals with the development of measurement system of reaction force from snow surface for snowboarding by 
compact size force sensors.This system consists of four 3-lightweight and compact axis force sensor. A comparison between 
the system and a 6-axis force sensor confirmed the precision of the system. The results of proposed system and 6-axis force 
sensor were approximately fitted in all axes. Further, the system was used to measure carving turns performed on snow field. 
The results indicated the reaction force from snow surface of 6-axis components in gliding on the actual snow field. The 
reaction force from snow surface in gliding on the actual snow field can be measured by using this system, and this system is 
more compact and lighter than the previous system. Hence, this system can be reduced restraint of snowboarder by the 
measurement system. Then, this system can be used to resolve the mechanism of snowboard turns and to evaluate the skill of 
snowboarder. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Centre for Sports Engineering Research, Sheffield Hallam University. 
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1. Introduction 
Snowboarding is a sport increasing in popularity around young people. The gliding form of snowboarder is 
right-left asymmetry and parallel with snowboard. The important factors of snowboard turns are the edging of 
snowboard, the twist motion of upper body and the movement of center of mass. The previous studies have been 
conducted such as the control of snowboard by Kawai et al. (2001) and the characteristics analysis of snowboard by 
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Subic et al. (2009). Few studies representing the motion of snowboarder in gliding on the actual snowfield have 
been conducted.  
We have conducted the 3D posture measurement and analysis of skier gliding on the actual snow field using 
inertial and magnetic field sensors by Kondo et al. (2012), the dynamic motion analysis of snowboarder by 
combining inertial and force sensors by Hirose et al. (2012, 2013). The 6-axis forces sensors have been used for the 
measurement of reaction force from snow surface in the dynamic motion analysis of snowboarder in previous our 
studies by Doki et al. (2007). However, the 6-axis force sensor is slightly heavy, and this system may restrain the 
motion of snowboarder. Therefore, it is necessary to develop the measurement system of reaction force from snow 
surface for improving the load to snowboarder.  
This paper proposes a new measurement system of reaction force from snow surface for snowboarding, and we 
indicate the effectiveness of this system by conducting the comparative experiments using this system and the 6-
axis force sensor to confirm the precision of the system, and the measurement experiment of snowboarder gliding 
on the actual snowfield.  
2. Measurement system 
The measurement system of reaction force from snow surface is shown in Fig .1(a), and the compact 3-axis 
force sensor is shown in Fig .1(b). The four compact 3-axis force sensors (Tech Gihan Corporation, USL06-H6-
2kN) are installed to the system. The measurement ranges of the force sensors are Fx:s1000N, Fy:s1000N and 
Fz:s2000N, respectively. Therefore, these sensors have performance for measurement range. These force sensors  
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Measurement system of reaction force from snow surface; (b) Compact size 3-axis force sensor. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Signal flow chart for the measurement system of reaction force. 
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Fig. 3. Data logger for measurement system of reaction force. 
 
cannot measure the forces of 6-axis components. However, these sensors are very compact, and the weight of this 
system is lower than the system using 6-axis force sensor in the case using several force sensors such as the force 
plate. The measurement signal is transformed to DC voltage by way of the amplifier for the force sensors (Tech 
Gihan Corporation, DPA-03A). The total weight of this system is about 36% (794g) of the system in the previous 
studies by Hirose et al (2012, 2013). The signal is transformed and memorized to A/D converter and internal 
memory installed to microcontroller (ARM Corporation, mbed NXP LPC1768). The signal flow chart of 
measurement system is shown in Fig. 3. The output and input range between special amp and microcontroller are 
different. Therefore, the operational amplifier circuit is used for voltage transformation. The data logger for the 
measurement of snowboard turns is shown in Fig. 3. 
3. Theory 
The reaction force from snow surface (6-axis force components) was calculated by the force signal of four 
compact size force sensors.  The relational expression between the 3-axis moment vectors and the force signals of 
force sensors aligned with the plate was represented by Eq. (1), where n is moment vector, Fi was force signal 
outputted from the force sensor and 0pi is the position vector from original point to force sensor. This equation was 
established by the calculus equation of moment in the Newton-Euler method. We ignored the term of force and 
moment about the plate on the force sensors in this study. 
 
 
(1) 
 
 
 
 
 
 
 
 
The alignment of force sensors in the measurement system of reaction force from snow surface is shown in Fig. 5. 
In the measurement system, the relational expression (Eq. (1)) is represented by Eq. (2), where a and b are the 
distance from original point to the force sensors about x-axis and y-axis. 
 
 
 
(2) 
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Fig. 4. Alignment of force sensors in the measurement system of reaction force from snow surface. 
4. Verification Experiment 
4.1. Experimental condition 
    We conducted the verification experiment to confirm the accuracy of the proposed system. The experimental 
setup for verification experiment is shown in Fig. 5(a), and the signal flow chart for the verification experiment is 
shown in Fig. 5(b). This setup was installed the measurement system of reaction force from snow surface and 6-
axis force sensor (Nitta Corporation, IFS-105M50A220-I63) for indicating the true value. The signals of these 
systems are measured by way of the A/D converter (CONTEC Corporation, AI-1608AY-USB) and the 
communication board for 6-axis force sensor. The measurement information was synchronized by the signal from 
PC. The Sampling frequency was 100Hz, and the measurement time was 20sec. We pushed and pulled to the plate 
on the measurement system by the hand to generate the forces and moments of all components in this experiment. 
We compared the results of forces and moments obtained from the measurement system and 6-axis force sensor. 
The forces and moments of the measurement system were calculated by using Eq. (2) (a=b=100mm). 
4.2. Results 
     Results for the verification results are shown in Fig. 8. The root mean square error between this system and 6-
axis force sensor were shown in Table 1. In all results, the results of proposed system approximately corresponded 
with that of the 6-axis force sensor. Therefore, the effectiveness of this system can be indicated by this experiment.  
 
 
 
 
 
 
 
 
Fig. 5. (a) Experimental setup for the verification experiment; (b) Signal flow chart for the verification experiment. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. (a) X-axis force in verification experimental results; (b) X-axis moment in verification experimental results. 
a b 
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 Fig. 7. (a) Y-axis force in verification experimental results; (b) Y-axis moment in verification experimental results. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. (a) Z-axis force in verification experimental results; (b) Z-axis moment in verification experimental results. 
 
Table 1. Root mean square error between the measurement system and the 6-axis force sensor. 
Force and moment Root mean square error 
Fx 6.72 [N] 
Fy 7.34 [N] 
Fz 10.13 [N] 
Mx 1.23 [N࣭m] 
My 2.08 [N࣭m] 
Mz 0.81 [N࣭m] 
 
5. Measurement Experiment of snowboard turns 
5.1. Experimental condition 
     We conducted the measurement experiment of snowboarder gliding on the actual snow field. The body height 
and weight of snowboarder were 170cm, 63kg. The years of experience of the snowboarder were three year, and 
the snowboard stance was regular. The measurement system of reaction force from snow surface was installed 
between the right binding and snowboard. The gliding form of snowboarder is regular stance. The snowboarder 
conducted the periodical carving turns. The sampling frequency is 200Hz, and the measurement time is 30sec. 
a b 
b 
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5.2. Results 
     Results for reaction force from snow surface of snowboard turns are shown in Fig. 6, Fig. 7 and Fig. 8. In the 
results of moment, Y-axis moment was periodically changed. This result indicates the control force for conducting 
the turns. The plus moment indicates the control force for backside turn, and the minus moment indicates the 
control force for front side turn. In the results of forces, snowboarder generated the Z-axis force in backside turns. 
These results indicate that snowboarder moved the center of mass to backward in backside turn. These results 
represented the major features of snowboard turns. Therefore, the effectiveness of the measurement system of 
reaction force from snow surface was indicated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 (a) Forces of Reaction force from snow surface in snowboard turns; (b) Moments of reaction force from snow surface in snowboard turns. 
 
6. Conclusion 
In this study, we developed a new measurement system of reaction force from snow surface. This system that 
consists of four compact size 3-axis force sensors measures the force of 6-axis components.  The verification 
experiment was conducted to confirm the accuracy of this system, and the results indicated the effectiveness of the 
developed system. This system is more compact than the previous system. The efficient measurement experiment 
of snowboard turns can be conducted by using this system. Furthermore, the dynamic motion analysis of 
snowboarder can be conducted by combining the motion measurement system installing the inertial sensors. 
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